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Abstract.—We examined relationships between angling and spearing catch rates (catch/h) and
walleye population density (number/acre) in 118 northern Wisconsin lakes to determine if walleye
catchability in these fisheries was density dependent. The densities of both adult and total walleye
populations were unrelated to lake surface area. Similarly, the catchability of walleyesin angling
and spearing fisheries was unrelated to lake surface area. Angling catch rates of walleyes were
linearly related to total walleye population density, whereas spearing catch rates of walleyes were
exponentially related to adult walleye popul ation density. Walleye catchability in theangling fishery
was not significantly related to population density, whereas walleye catchability in the spearing
fishery was inversely related to population density. We conclude that walleye angling is density
independent and is therefore self-regulating, whereas walleye spearing is density dependent and

is therefore not self-regulating.

An understanding of the portion of a fish pop-
ulation that is removed by a single unit of fishing
effort, defined as the catchability coefficient (q),
is central to an understanding of fishery dynamics
and effective fishery management (Ricker 1975;
Gulland 1988; Hilborn and Walters 1992; Quinn
and Deriso 1999). The catchability of fishesis of-
ten assumed to be a constant fraction of the pop-
ulation caught by each unit of fishing effort. This
relationship has most often been formulated as the
basic catch equation

Clf = gN/IA; (1)

C = catch, f = fishing effort, N = fish abundance,
and A = area occupied by the fish stock (Gulland
1969; Ricker 1975). In equation (1), C/fisalinear
function of N/A, with constant slope g. In some
fisheries, however, g may increase as N/A decreas-
es (Cushing 1981; Peterman and Steer 1981; Ban-
nerot and Austin 1983; Hilborn and Walters 1992;
Arreguin-Sanchez 1996). An inverse relationship
between g and N/A must be known for fishery har-
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vest regulation to be effective because effort needs
to be controlled more severely than if g was un-
related to N/A (Peterman and Steer 1981). Density
dependence in the relation between g and N/A is
most likely caused by nonrandom searching be-
havior of fishermen and schooling behavior of fish
(Peterman and Steer 1981).

Catchability may also increase as the area oc-
cupied by the fish stock decreases. Most often,
however, the dependence of catchability on area
has been ignored because it is assumed that the
area occupied by the fish stock is constant (Winters
and Wheeler 1985). This assumption is probably
reasonable for some fish species, such as anad-
romous salmonids, that are intercepted as they re-
turn to natal streams (Peterman and Steer 1981).
For other species, such as pelagic marine species,
that occupy areas of different size that are pro-
portional to the total number of individualsin the
population, catchability may vary inversely with
area (Wintersand Wheeler 1985). Similarly, inland
species that occupy lakes of varying size may be
exploited more effectively in small lakes (Ryder
et a. 1974). For such pelagic marine and inland
fish species, the inverse relationship between
catchability and area may falsely give the appear-
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ance of density-dependent catchability, if not taken
into account.

We wished to determineif catch rates and catch-
ability of walleyes in angling and spearing fish-
eriesin northern Wisconsin lakes varied with wal -
eye population density or lake surface area. We
relied on data that has been collected since 1990
in Wisconsin as part of astock assessment program
that was designed to determine long-term effects
of spearing and angling on walleye populationsin
Wisconsin. Annual surveys of walleye populations
and angling and spearing fisheries have been con-
ducted each year on about 25 randomly selected
lakes. Lakes ranged in size from about 100 acres
to more than 10,000 acres, and walleye popula-
tions ranged from about 1.0 fish/acre to nearly 100
fish/acre, thereby permitting comparisons of an-
gling and spearing catch rates over a wide range
of walleye population densities and lake sizes.

M ethods

We analyzed data gathered as part of a multi-
agency effort to monitor walleye populations and
associated fisheries in the northern third of Wis-
consin (Hansen et al. 1991; Beard et al. 1997).
Lakes were selected at random each year during
1990-1997 from among those lakes containing
walleyes that were subjected to state-licensed an-
gling and tribe-licensed spearing (Hansen et al.
1991). Tribal spearing occurs during a few weeks
in spring (usually April) when sexually mature
walleyes are attempting to spawn, whereas angling
occurs from the first Saturday in May through the
first of March of thefollowing year. Tribal spearing
is targeted on spawning walleyes, so humbers of
sexually mature walleyes were estimated during
the spawning period. In contrast, angling occurs
when mature and immature walleyes are intermin-
gled, so total numbers of walleyes were estimated
2-3 weeks after spawning, when immature and
mature fish were mixed into the total population.

Walleye abundance.—Abundance of adult (sex-
ually mature) walleyes and all walleyes (immature
and mature) were estimated during spring of each
year during 1990-1996 using Chapman’s modifi-
cation of the Petersen estimator (Ricker 1975).
Walleyes were captured for marking in fyke nets
that were set shortly after ice-out when mature
walleyes were congregated inshore for spawning
(Hansen et al. 1991; Beard et al. 1997). Ten percent
of the mature walleyes in each lake were targeted
for marking. Mature walleyes were defined as all
fish for which the sex could be determined, plus
all fish longer than 15 in for which the sex could
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not be determined (the length at which males and
females were likely to be sexually mature). All
fish were marked by partial removal of a fin. To
estimate adult walleye abundance, fish were re-
captured 1-2 d after netting while adult walleyes
were still congregated inshore. Because the inter-
val between marking and recapture was short, the
entire shoreline was electrofished to ensure that
marked and unmarked fish were equally vulnerable
to capture. Immature and mature fish that were
present during the first electrofishing recapture
run, but that had not been previously marked, were
marked by removal of one or more fins for esti-
mating the total number of walleyes in the pop-
ulation. To estimate total walleye abundance, fish
were captured about 2—3 weeks after the first re-
capture sample. Again, the entire shoreline of each
lake was electrofished to ensure marked and un-
marked fish were equally vulnerable to capture.
Marked fish from the fykenetting and first electro-
fishing runs were combined as the marked sample,
while the ratio of marked fish in the population
was estimated from the second electrofishing run.

Abundance and variance were estimated for four
length-classes (0-11.9 in, 12-14.9 in, 15-19.9 in,
and =20.0 in) then summed to estimate adult and
total abundance and variance for each lake. Before
estimating abundance, walleyes that were speared
after the start of the marking period were subtract-
ed from the number of marked fish at large during
the recapture period. These fish were then added
to the number of fish estimated to have been pres-
ent at the time of marking for the populations of
interest (spawning population or total population).
Abundance estimates with a coefficient of varia-
tion (CV = estimate/SD) larger than 0.40 were
considered unreliable and were eliminated from
further use. Of 232 lakes with estimates of adult
walleye abundance, 13 lakes (5.6%) were dropped
because the CV of the estimate was larger than
0.40 (median = 0.101, range = 0.016—0.578). Of
157 lakes with estimates of total walleye abun-
dance, 37 lakes (23.6%) were dropped because the
CV of the estimate was larger than 0.40 (median
= 0.272, range = 0.067—0.690).

Spearing catch rates—Spearing catch rates
were computed from nightly censuses of spearing
harvest and effort on each lake in spring 1990—
1996 (Kmiecik 1991; Kmiecik and Ngu 1992; Ngu
and Kmiecik 1993; Ngu 1994; 1995; 1996; Krue-
ger 1997; 1998). Spearing is permitted for only a
limited number of tribal members on each lake
each night, based on the estimated nightly quota
for that lake and the number of interested individ-
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uals (U.S. Department of the Interior 1991). Each
spearer is allowed a quota for the evening (com-
monly, 25 fish per spearer), which must be landed
at a specified location on each lake. Spearing is
pursued to take the allotted quota in as little time
as possible, so time spent spearing is a function
of fish density in the area speared. In addition,
spearing is only effectivein spring, when walleyes
are congregated in shallow water for spawning.
Consequently, spearing is not used at other times
of year when walleyes are offshore. Clerks record
the starting and ending times of each spearing trip,
count all fish speared, and record the length of each
fish. Maximum length of walleyes speared is lim-
ited by allowing only one fish of the nightly bag
limit to be between 20 and 24 in and one additional
fish of the nightly bag limit to be of any length.
Catchability of walleyes in the spearing fishery
was estimated by dividing the mean annual catch
rate by the density of adult walleyes for each lake
(rearranging equation 1, g = CA/fN). Spearing data
were available for 93 of the 219 lakes on which
adult walleye abundance was estimated by mark—
recapture and that had a CV smaller than 0.40.
Angling catch rates—Angling catch rates were
estimated from creel surveys that were conducted
during the angling season for walleye in Wisconsin
from 1990 to 1996; the season began on the first
Saturday in May and continued through 1 March
of the following year (Beard et al. 1997). Creel
surveys followed arandom stratified roving-access
design (Pollock et al. 1994; Rasmussen et al.
1998). Each month, all weekend days (including
holidays) and 2—3 randomly selected weekdays
were sampled each week from 0.5 h before sunrise
to 0.5 h after sunset. Clerks worked 5 d per week.
During the open-water season, the day was divided
into two nonoverlapping clerk shifts, and clerk
shifts were randomly selected each day. During
the ice-fishing season, the entire day was sampled
because of short daylight hours. Creel surveys
were not conducted in November because of dan-
gerous ice conditions and low angling effort.
Angling catch rates were estimated from catch
and effort data collected during interviews of an-
glers as they completed fishing each day. Data
were stratified by month and day type (weekdays,
weekends). The walleye catch rate for each stratum
was calculated as the total number of walleyes
caught divided by the total number of hours fished
for walleyes (i.e., targeted effort). Monthly esti-
mates were calculated as means of each stratum
estimate, weighted by the angling effort for wall-
eyeswithin that stratum. The mean annual walleye

111

catch rate for each lake was calculated as the
weighted mean of the monthly estimates. Variance
was estimated using the same weighting. Catch-
ability of walleyes in the angling fishery was es-
timated by dividing the mean annual catch rate by
the density of all walleyes for each lake (rear-
ranging equation 1, q = CA/fN). Angling datawere
available for 111 of the 120 lakes on which total
walleye abundance was estimated by mark—recap-
ture and that had a CV smaller than 0.40.

Area dependence of angling and spearing catch-
ability.—To determine if average walleye density
varied with lake surface area, we model ed numbers
of both adult and total walleyes as nonlinear func-
tions of lake surface area:

N = aAPL )

B expresses the degree of curvature in the rela-
tionship between N and A and « expresses the av-
erage density (N/A) when g = 0. Parameters were
estimated from the transformed model,

loge(N) = by + bilogeA; ©)

the intercept by = log.x, and the slope b; = B +
1. In equation (3), N/A is constant at all lake sizes
when the slope, b,, is one (B = 0), and N/A is
inversely related to lake size when the slope, b,
isless than one (B < 0). Because |ake surface area
is measured with little error, the parameters in
equation (3) are unbiased when estimated by sim-
ple linear regression.

To determine if catchability of walleyes in an-
gling and spearing fisheries varied with lake sur-
face area, we then modeled walleye angling and
spearing g as nonlinear functions of lake surface
area (A):

q = aAP; (4

g is independent of area (constant) when B = 0
and changes in direct proportion to stock area
when B = 1 (Winters and Wheeler 1985). Param-
eters in equation (4) were estimated by linear re-
gression on the transformed model:

logeq = by — bylogeA; ®

the intercept b, = log.ax and the slope b; = B.
Equation (5) is not fraught by errorsin variables,
so B (b;) can be estimated by simple linear re-
gression (Winters and Wheeler 1985). We judged
the degree of area dependence in equation (5) from
the significance of B for the nonlinear form of the
model (equation 4).
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Density dependence of angling and spearing
catchability.—To determineif catchability of wall-
eyes in angling and spearing fisheries varied with
walleye density, angling and spearing catch rates
(CIf) were modeled as nonlinear functions of wall-
eye population density (N/A):

Clf = a(N/A)P+L: (6)

B expresses the degree of curvature in the relation
between C/f and N/A and « provides an estimate
of g when B8 = O (Peterman and Steer 1981). Pa-
rameters were estimated from the transformed
model:

loge(C/f) = by + byloge(N/A); M

the intercept b, = log.a and the slope b, = B +
1. We tested the degree of nonlinearity in the re-
lation between C/f and N/A (i.e., density depen-
dence) by determining if the slope (b, = B + 1)
differed significantly from one (3 = 0; Peterman
and Steer 1981; Shardlow et al. 1985). However,
the parameters in equation (7) are biased when
estimated by linear regression because N was es-
timated with error (Peterman and Steer 1981; Shar-
dlow et al. 1985). We therefore estimated param-
eters for the functional (geometric mean) regres-
sion of 1ogy(C/f) on log,(N/A) (Ricker 1975; Sokal
and Rohlf 1981).

Dividing equation (1) by N/A alows walleye
angling and spearing g to be modeled as nonlinear
functions of N/A:

q = (CHINIA) = a(N/A)P; (8)

g is constant at all population densities when g =
0, decreases with population density when g < 0,
and increases with population density when g >
0. Parameters in equation (8) were estimated for
the transformed model

logeq = by + byloge(N/A); 9)

the intercept by = logea and the slope b; = B. As
with catch rates, we estimated parametersfor equa-
tion (9) from the functional (geometric mean) re-
gression of logs(q) on log.(N/A) because these pa-
rameters are biased when estimated by linear re-
gression (Ricker 1975; Sokal and Rohlf 1981).
The statistical significance of B in equation (9)
cannot be tested directly because N appears on
both sides of the equation (i.e., g = CA/fN; Pe-
terman and Steer 1981; Shardlow et al. 1985).
Therefore, we used equation (9) only to describe
the functional relationship between g and N/A and
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Ficure 1.—Adult walleye abundance, estimated by
mark—recapture, versus surface areain 93 northern Wis-
consin lakes sampled in 1990-1997. Upper and lower
lines depict 95% confidence intervals.

tested for density dependence from the slope of
equation (7), the relation between C/f and N/A (Pe-
terman and Steer 1981; Shardlow et al. 1985).
When estimated by linear regression, B isthe same
in equations 7 (B = b; — 1) and 9 (B = b,), so
the significance of B (b, — 1) in equation (7) is
equivalent to the significance of g (b,) in equation
(9). However, the same algebraic equivalence does
not hold when B is estimated by functional re-
gression because b, isalways greater in both equa-
tions (7) and (9) than when estimated by linear
regression (Sokal and Rohlf 1981). For example,
when estimated by functional regression, a slope
in equation (7) that is significantly greater than
one indicates a slope in equation (9) that is sig-
nificantly less than zero. We interpret such aresult
as indicating density dependent catchability (B <
0). In contrast, when estimated by functional re-
gression, a slope in equation (7) that is not sig-
nificantly different from one may indicate a slope
in equation (9) that is not significantly different
from zero. We interpret such aresult as indicating
density independent (constant) catchability (B = 0).

Results

Area Dependence of Angling and Spearing
Catchability

Population density did not vary with lake sur-
face area for either adult walleyes or all walleyes.
Total walleye abundance was linearly related to
lake surface area (Figure 1) because the slope of
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Ficure 2.—Total walleye abundance, estimated by
mark—recapture, versus surface area in 111 northern
Wisconsin lakes sampled in 1990-1997. Upper and low-
er lines depict 95% confidence intervals.

the relation was not significantly different from
1.0 (t = 0.708; df = 109; P = 0.48):

N = 4.636A174,

Total walleye density in 111 northern Wisconsin
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lakes averaged 4.6 fish/acre (95% confidence in-
terval = 1.1-18.8/acre) and did not vary signifi-
cantly with lake surface area. Adult walleye abun-
dance was also linearly related to lake surface area
(Figure 2) because the slope of the relation was
not significantly different from one (t = 0.776; df
= 91; P = 0.94):

N = 2.825A1006,

Adult walleye density in 93 northern Wisconsin
lakes averaged 2.8/acre (95% confidence interval
= 0.9-8.4/acre) and did not vary significantly with
lake surface area.

Catchability of walleyesin angling and spearing
fisheries was unrelated to lake surface area. In the
angling fishery, catchability of all walleyes was un-
related to lake surface area (Figure 3) because the
slope of the relation was not significantly different
from zero (t = —0.658; df = 109; P = 0.51):

g = 0.030A 0043,

Catchability of all walleyes in the angling fish-
ery in 111 northern Wisconsin lakes averaged
0.030 (95% confidence interval = 0.012-0.071)
and did not vary significantly with lake surface
area. In the spearing fishery, catchability of adult
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Ficure 3.—Lake surface area versus walleye catchability in angling and spearing fisheries in 118 northern
Wisconsin lakes sampled in 1990-1997. Diamonds show the relation between lake surface area and spearing
catchability (93 lakes). Dots show the relation between lake surface area and angling catchability (111 lakes).

Upper and lower lines depict 95% confidence intervals.
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FicurRe 4.—Number of walleyes per acre versus the mean yearly catch per hour in angling and spearing fisheries
in 118 northern Wisconsin lakes sampled in 1990-1997. Diamonds show the relation between number of adult
walleyes per acre and spearing catch per hour (93 lakes). Dots show the relation between total number of walleyes
per acre and angling catch per hour (111 lakes). Ellipses enclose 95% of the data points for each bivariate relation.

walleyes was also unrelated to lake surface area
(Figure 3) because the slope of the relation was
not significantly different from zero (t = —1.321;
df = 91; P = 0.19):

q = 12.321A 0154,
707
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Ficure 5.—Number of adult walleyes per acre versus
the mean yearly catch per hour in spearing fisheries in
93 northern Wisconsin lakes sampled in 1990-1997.

Catchability of adult walleyes in the spearing
fishery in 93 northern Wisconsin lakes averaged
12.3 (95% confidence interval = 2.5-60.9) and did
not vary significantly with lake surface area (Fig-
ure 3). The spearing fishery for adult walleyes was
therefore 416 times more efficient than the angling
fishery for all walleyes in northern Wisconsin
lakes (95% confidence interval = 202—857 times).

Density Dependence of Angling and Spearing
Catchability

Catch rates of walleyes in angling and spearing
fisheries increased in relation to walleye popula-
tion density (Figure 4). Catch rates of walleyesin
the spearing fishery increased exponentially with
adult walleye population density (Figure 5) be-
cause the slope of the functional regression was
significantly larger than one (t = 4.253; df = 91,
P = 0.01):

Clf = 2.121(NIA) 622,

This suggests that catchability of adult walleyes
in the spearing fishery in northern Wisconsin var-
ied significantly with walleye population density.
In contrast, catch rates of walleyes in the angling
fishery were linearly related to total population
density (Figure 6) because the slope of the func-
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FIcurRe 6.—Number of total walleyes per acre versus
the mean yearly catch per hour in angling fisheries in
111 northern Wisconsin lakes sampled in 1990-1997.

tional regression was not significantly different
from one (t = 0.652; df = 109; P = 0.52):

CIf = 0.021(N/A)20%8,
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This suggests that catchability of all walleyes
in the angling fishery in northern Wisconsin did
not vary significantly with walleye population den-
Sity.

The catchability of all walleyes in the angling
fishery and adult walleyes in the spearing fishery
appeared to decline as population density in-
creased (Figure 7). The catchability of walleyesin
the spearing fishery was inversely related to adult
walleye population density (Figure 8):

q = 21.249(N/A) 1480,

The inverse relation between spearing catch-
ability and adult walleye density indicates signif-
icant density dependence because the slope of the
relationship between spearing catch rates and adult
walleye population density was significantly great-
er than one. The catchability of walleyes in the
angling fishery also appeared to be inversely related
to total walleye population density (Figure 9):

q = 0.079(N/A) 0625,

However, the relation between angling catch-
ability and total walleye density indicates density
independence because the slope of the relationship
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Ficure 7.—Number of walleyes per acre versustheir catchability in angling and spearing fisheriesin 118 northern
Wisconsin lakes sampled in 1990-1997. Diamonds show the relation between number of adult walleyes per acre
and spearing catchability (93 lakes). Dots show the relation between total number of walleyes per acre and angling
catchability (111 lakes). Ellipses enclose 95% of the data points for each bivariate relation.
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FIcurRe 8.—Number of adult walleyes per acre versus
their catchability in spearing fisheries in 93 northern
Wisconsin lakes sampled in 1990-1997.

between angling catch rates and total walleye den-
sity was not significantly different from one.

Discussion

Angling catch rates were linearly related to total
walleye population density in northern Wisconsin
lakes, which agreed with the results of several oth-
er studies of walleye angling catch rates (Thorn
1984; Isbell and Rawson 1989; Staggs et al. 1990;
Beard et al. 1997). Catchability of walleyesin the
northern Wisconsin angling fishery appeared to de-
cline with population density, but the decline was
not significant within the range of variation in an-
gler catch rates and walleye population density. In
addition, our estimate of the density dependent
coefficient for walleye angling catchability (B =
—0.626) was lower than all but one of those sum-
marized by Peterman and Steer (1981). We there-
fore conclude that catchability of walleyes by an-
gling is not density dependent and agree with
Staggs et al. (1990) that angling is relatively self-
regulating (i.e., catch rates are linearly related to
population density and catchability does not
change as a function of fish density).

Angling appears to be self-regulating when ex-
amined across a broad spatial scale, such asin our
analysis. However, we do not mean to imply that
self-regulation will lead to quality walleye angling
in terms of catch rates or average size of fish
caught. Walters and Cox (in press) showed that
anglers for rainbow trout Oncorhynchus mykissin
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Ficure 9.—Number of total walleyes per acre versus
their catchability in angling fisheries in 111 northern
Wisconsin lakes sampled in 1990-1997.

British Columbia lakes tended to homogenize
catch rates across the region by moving to lakes
with higher catch rates. Angler movement across
the landscape thereby reduced angling quality by
targeting lakes with high catch rates and created
a landscape in which no lake stood out from the
rest (Walters and Cox, in press). The self-regula-
tion of angling fisheries may therefore ensure me-
diocrity in regional fisheries that is maintained by
angler movement patterns. Regulation of angling
effort will be necessary to control this homoge-
nization of angling catch rates.

Spearing catch rates increased exponentially as
adult walleye population density increased in
northern Wisconsin lakes, which contradicts an
earlier analysis that found spearing catch rates
were not significantly related to walleye popula-
tion density (Staggs et al. 1990). The apparent con-
tradiction in our results may be due to the fact that
Staggs et al. (1990) analyzed data from only 25%
as many lakes (n = 24) as were included in our
analysis (n = 97). In addition, mark—recapture es-
timates of adult walleye abundance analyzed by
Staggs et al. (1990) were obtained in 1986-1988,
before sampling designs were standardized in
1990. The lack of asignificant association between
catch rates and walleye density that Staggs et al.
(1990) found might therefore have been an artifact
of small sample size or biased estimates of adult
walleye abundance. In addition, our estimate of
the density dependent coefficient for walleye
spearing catchability (3 = —1.480) was higher
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than all but one of those summarized by Peterman
and Steer (1981). We agree with the conclusion of
Staggs et al. (1990) that spearing is more likely to
harvest walleyes when populations are low and
therefore that walleye spearing is not self-regu-
lating.

Catchability of walleyesin angling and spearing
fisheries was unrelated to lake surface area, which
contradicts other studies that suggested small lakes
were fished more effectively than large lakes (God-
dard et al. 1987). Most other studies were based
on yield per unit area rather than catchability, but
all suggested that yield per unit area increased as
lake size decreased (Rounsefell 1946; Oglesby
1977; Goddard et al. 1987). It has generally been
argued that small lakes either produce more fish
per unit area or are simply easier to exploit (God-
dard et al. 1987). We found no evidence of such
area dependence in the vulnerability of walleyes
to angling or spearing in northern Wisconsin lakes.
However, the lakes we evaluated encompassed a
relatively narrow range of surface area and a sim-
ilar analysis of larger lakes (e.g., >10,000 acres)
may suggest greater area dependence than in our
analysis. Walleyes in inland lakes of the sizes in-
cluded in our analysis seem to be different from
pelagic marine species that occupy greater or less-
er total area as their abundance changes (Winters
and Wheeler 1985).

Management Implications and Recommendations

Regulation of most angling fisheries relies on
daily creel limits, size limits, seasonal restrictions,
closed areas, and gear restrictions (Noble and
Jones 1993). Such regulations only indirectly limit
the total harvest, and therefore rely on the fact that
the fishery is self-regulating (Beard et al. 1997).
By self-regulating, we mean that catch rate is di-
rectly proportional to population density and
catchability does not change with population den-
sity. However, angling catchability may be in-
versely related to stock density (Peterman and
Steer 1981; Bannerot and Austin 1983), which
suggests some angling fisheries are not self-reg-
ulating. Based on our analysis of the angling fish-
ery for walleyes in northern Wisconsin, catch-
ability was not significantly related to population
density over the range of fish densities we ex-
amined. Nonethel ess, we recommend further study
of the density-dependence of walleye angling
catchability in northern Wisconsin lakes, particu-
larly in lakes with low population densities. In-
tensive evaluation of walleye angling catchability
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in low-density lakes would complement our ex-
tensive evaluation of many lakes.

Regulation of spearing fisheriesin northern Wis-
consin relies on individual nightly quotas, length
limits, and a census of the entire harvest (U.S.
Department of the Interior 1991). These restrictive
regulations were instituted because spearing was
highly efficient and was not self-regulating (Staggs
et al. 1990). Our results confirm both of these early
observations of spearing, and therefore confirm
that the spearing fishery needs to be tightly reg-
ulated. Spearing catch rates are two to three orders
of magnitude higher than angling catch rates, and
catchability is inversely related to adult walleye
population density, which suggests that spearing
cannot be effectively regulated with the indirect
methods that are used to regulate angling. How-
ever, spearing catch rates may be biased by nightly
quotas, which may have altered the true relation-
ship with population density. To verify the rela-
tionship between spearing catch rates and adult
walleye population density, experimental spearing
without nightly bag limits would need to be con-
ducted. Such an experiment is not currently al-
lowed under federal court-mandated regulations
and could jeopardize affected fish stocks.
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